Background: Malpractice liability is an ongoing problem in obstetrics. However, developing, sustaining, and spreading effective interventions is challenging. The aim of this study is to examine the spread and sustainability of a multilevel integrated practice and coordinated communication model 66 months after its original implementation.
Professional Liability and the Delivery of Obstetrical Care, in which it called obstetrics one of the "most acute" examples of the country's growing malpractice problem and laid out both the problem's impact on the field and recommendations for reform.
1,2 The issue, however, only continued to grow in the following decade.
3 Twenty years after the publication of the IOM report, obstetrics still ranked first among specialties in both malpractice claims reported and total payments made, and had an average payment per claim that was exceeded only by neurology and neurosurgery and was nearly 20% higher than the average across all specialties. 4 As in medical malpractice as a whole, 5,6 the majority of obstetrics malpractice payments are related to the provision of substandard care, 7 with electronic fetal monitoring, 8 shoulder dystocia/brachial plexus injury, 8 and issues related to inadequate provider communication 8, 9 constituting particular problem areas. Many high malpractice risk incidents appear to be avoidable through standard use of evidence-based procedures. 7 Translating these insights into effective interventions, however, presents a range of challenges.
First, developing effective interventions is itself difficult: successfully implementing evidence-based practices has been a continual challenge in health care, 10, 11 and success is not certain even when barriers to change are proactively accounted for in intervention designs. 12 In addition, successful obstetric quality improvement initiatives are often complex, addressing multiple domains of practice in order to bring about meaningful improvement. [13] [14] [15] [16] Such interventions are correspondingly complicated to design, implement, and evaluate. 17 Second, even when the task of intervention development is accomplished and an effective intervention is created, a lack of sustainability and spread can preclude lasting change. Defined as the ability of an intervention to maintain its activities and benefits over time, 18 sustainability remains an underdeveloped area of research [19] [20] [21] [22] [23] but is known to be a common challenge for health-related interventions. 20, 24 Spread is a related concept that refers to the active dissemination of a successful local improvement across a larger system. 25 Like sustainability, spread is not certain to occur even when an intervention is initially successful, and it becomes more difficult as interventions grow more complex. 26, 27 Both factors can play a role in the continuation of long-standing issues such as high rates of obstetric malpractice risk.
Implementing a risk-reduction model
Ascension, the largest nonprofit health system in the United States, has been working to overcome these challenges. Beginning in 2011, the health system's Perinatal Safety Committee implemented, evaluated, and published the results of a multilevel integrated practice and coordinated communication model designed to decrease the occurrence of two labor and delivery events, selected because they had the highest rates of long-term neonatal injury and malpractice liability. 28 The first, a shoulder dystocia emergency, occurs when gentle downward traction on the fetal head fails to effect delivery of the infant's shoulders, requiring immediate and sometimes substantial manipulation of the fetus and repositioning of the mother to enable the shoulders to pass below the symphysis pubis. 29 Complications resulting from shoulder dystocia can affect both the mother and infant, and can include long-term paralysis of the infant's shoulder, arm, and/or hand. 30 The second area of focus was the clinical team's response to abnormal or indeterminate fetal heart rate tracings (formerly termed nonreassuring fetal status or fetal distress) [31] [32] [33] detected through electronic fetal monitoring, ineffective use of which is the root cause of approximately one third of all perinatal deaths and injury. 34 In 2015, the Journal of Healthcare Risk Management published the results of this study in an article titled "Decreasing Intrapartum Malpractice: Targeting the Most Injurious Neonatal Adverse Events." 28 The study revealed that 27 months after implementation, high malpractice risk events had decreased significantly, enabling money allotted for malpractice claims to be reallocated to the spread of the model to 32 additional sites.
The integrated practice and coordinated communication model consisted of new protocols for addressing shoulder dystocia and abnormal or indeterminate fetal heart rate tracings, developed by Ascension's Perinatal Safety Committee based on a review of best-practice evidence. Standardized documentation requirements and ongoing feedback to labor and delivery teams regarding performance measures accompanied these protocols. Labor and delivery teams also received team-based training in responding to labor and delivery emergencies, consisting of initial trainings supplemented by yearly refreshers ( This study examines the sustainability of the model at the 5 beta sites 39 months after the original study period, as well as the results of spreading the model to the 32 additional sites. Spreading the model to the additional sites was accomplished over several years, with informal diffusion beginning in 2011 and formal implementation initiated in 2013. All elements of the multilevel integrated practice and coordinated communication model were implemented at the expansion sites, using an implementation process similar to that used at the 5 beta sites.
Sustaining and spreading the model
Efforts to sustain and spread the integrated practice and coordinated communication model maintained several components used during beta sites' initial implementation. These elements included establishing evidence-based guidelines, leadership buy-in and support, performance measurement, accountability, training, and transparent communication.
Beta-site sustainability
Although the formal study period ended at the 5 beta sites, these sites began the transformation process with the mind-set that improving care and patient outcomes is a continuous process without an ending point. 35 This perspective was demonstrated in the 39 months following the previous study's conclusion. The key elements that began during beta testing became essential elements of labor and delivery teams' workflow and commitment to communication. In addition, the beta-site model champions, both obstetricians and nurses, helped provide training and consultation to expansion sites. This was accomplished on monthly calls, at a face-to-face training meeting with expansion sites, and as part of a team of beta-site champions deployed to any expansion site that requested additional hands-on training, consultation, and support. Along with these mentorship roles, beta sites were Table 1 ) and ensure that the integrity of the model remained a core function of their practice.
Spread to expansion sites
While beta sites were implementing the model, the Perinatal Safety Committee held monthly teleconference meetings in which beta-site obstetricians, labor and delivery nurses, and risk managers reported on their progress and lessons learned to sites where spread was planned. The 90% of the expansion sites that attended these meetings asked the beta-site practitioners questions and sought advice. Prompted by this diffusion of information, as well as progress observed by beta sites early in the study period, many expansion sites began adopting elements of the new model before the beta-site study period ended.
Following this informal diffusion, formal implementation of the model at expansion sites took place beginning in 2013. The toolkit developed at the beta sites (Table 2) , which included guidelines and training materials, was given to all expansion sites. The training developed and refined at the beta sites was also made available to expansion-site teams. At the start of the full spread period, the Perinatal Safety Committee and practitioners from beta sites hosted a face-to-face summit to provide in-depth, hands-on training on the model and answer questions regarding implementation. All expansion sites received a Gaumard R⃝ S500 Childbirth Simulator torso or NOELLE R⃝ full-body model for simulation training, with sites with the highest birth volumes receiving the full-body simulators. Having these materials allowed labor and delivery teams to practice implementation of the shoulder dystocia protocol, a core component of the training, and simplified scheduling of initial and refresher trainings.
During implementation at the expansion sites, monthly meetings with beta and expansion sites continued. At these meetings, the Perinatal Safety Committee shared a training scorecard, allowing teams to discuss their experiences implementing the model. Each beta and expansion site shared its results on training new staff and maintaining refresher trainings for all staff. The 37 beta and expansion For expansion sites, completing the initial trainings was the most challenging component of implementation.
Although each site had its own simulator, scheduling all team members to attend training was a large endeavor for each hospital and required commitment and support from leadership and clinical teams. Table 3 presents the mean and median percentage of staff members at each of the 32 expansion sites who met each of the listed implementation criteria, as well the mean and median overall site-level implementation score (calculated by averaging sites' 7 completion percentages). By the end of the full spread period, the average overall score was 86%, and the median overall score was even higher, at 89%. Completion of the shoulder dystocia and electronic fetal monitoring modules among obstetricians presented the largest remaining challenge areas for sites: Completion rates averaged at or slightly below 75% in both categories, though median completion rates for the shoulder dystocia module were notably higher, at 88%. Simulation completion among nursing staff and use of the shoulder dystocia bundle were particular areas of strength across sites.
M E T H O D S
To assess the sustainability and spread of the model, this study analyzed data on labor and delivery patients from 37 Ascension hospitals (5 beta sites and 32 expansion sites) over the 81-month time period from January 1, 2010, to September 30, 2016 . Two data sets, one recording potential medical liability events and the other recording newborn deliveries, were merged for use in modeling the likelihood of high-risk events related to shoulder dystocia and electronic fetal monitoring. Analyses were based on generalized estimating equation logistic regression models over newborn deliveries during the study period, with the Patients at the beta and expansion sites were modeled separately, with indicators for the two periods after the beta-site intervention start date as independent variables. Generalized estimating equation models were chosen for these analyses to account for correlation introduced by repeated observations within sites. This correlation needs to be addressed in estimating standard errors because, if not handled correctly, it could bias inferences of statistical significance. The study was approved by the Brandeis University Institutional Review Board.
Beta sites
The purpose of the beta-site analysis is to compare the likelihood of high-risk occurrences related to shoulder dystocia or electronic fetal monitoring from pre-to postperiod in beta hospitals. Rollout of the initiative was fully complete at all beta-site locations by April 2011 (see Table 4 ). During the 81 months included in this study, the 5 beta sites had a total of 85,000 live births, with volumes at individual sites ranging from a minimum of 6589 at Sacred Heart Hospital on the Emerald Coast to a maximum of 24,221 births at St. Vincent's Hospital, Birmingham. For patients at beta hospitals, the Postintervention estimate provided by the logistic regression model reflects a change in the likelihood of a high-risk event related to shoulder dystocia or electronic fetal monitoring in the 27-month time period immediately after implementation, while the Sustainment estimate reflects a change during the subsequent 39 months. This latter estimate indicates the sustainability of the intervention at the beta sites after the initial awareness and response is no longer in effect.
Expansion sites
The purpose of the expansion-site analysis is to examine the impact of the model on high-risk occurrences related to shoulder dystocia or electronic fetal monitoring following its spread to additional, non-beta-site hospitals. Among expansion sites, formal implementation of the intervention began in 2013 (see Table 5 ). However, diffusion from the beta sites occurred even prior to the start of the formal expansion-site intervention, during the Initial Exposure phase. During the 81 months included in this study, the 32 expansion sites had 336,956 live births, ranging from 1282 births at the smallest hospital to 43,401 at the largest.
For patients at expansion hospitals, the Initial Exposure estimate produced by the logistic regression model represents a diffusion effect from the intervention at the beta sites. The Full Spread estimate reflects the effect of the intervention during and after formal implementation at expansion sites.
R E S U LT S
Both beta and expansion sites experienced decreased high-risk occurrence rates in each successive period after the implementation of the model. These decreases were statistically significant and amounted to a more than 70% reduction in high-risk occurrence rates from the Preintervention period to the end of the study.
Beta sites
Across all three periods, 158 high-risk occurrences related to shoulder dystocia or electronic fetal monitoring 
Expansion sites
Across all three periods, 354 high-risk occurrences related to shoulder dystocia or electronic fetal monitoring occurred at expansion sites. Like the beta sites, expansion sites showed a continued reduction in the high-risk occurrence rate per 1000 live births, with rates falling from a high of 2.13 high-risk occurrences per 1000 live births in the Preintervention period to 0.62 in the Full Spread period (see Figure 2) . This overall decrease of 71% consisted of a 47% decrease from the Preintervention period to the Initial Exposure period and an additional 45% decrease from the Initial Exposure period to the Full Spread period. 
Expansion-Site Results
shoulder dystocia emergencies and abnormal or indeterminate fetal heart rate tracings.
D I S C U S S I O N
The sustainment and spread initiatives both maintained their benefits once the model was implemented in the real world of labor and delivery practice. 35 Similarly, the model's benefits did not decrease once the model was fully integrated into labor and delivery teams' daily workflows. 24, 35 Because developing effective interventions that can be spread and sustained over time is difficult, 20, 24 it is important to take a closer look at the key elements that supported the continual progress made and sustained at the beta and expansion sites.
The literature regarding elements necessary for successful sustainment and spread of quality improvement initiatives in health care delivery remains underdeveloped. [19] [20] [21] [22] [23] However, efforts to sustain and spread the integrated practice and coordinated communication model incorporated values similar to those hypothesized by the Agency for Healthcare Research and Quality (AHRQ) and the Institute for Healthcare Improvement (IHI). 36, 37 While the initiatives did not use either framework in its entirety, they drew from elements of each model to create a unique framework for spread and sustainment efforts at all 37 sites. As presented in Figure 3 , these elements included developing and maintaining evidence-based guidelines, ensuring leadership buy-in and support, collecting and reporting performance measures, holding teams accountable, providing training, and ensuring transparent communication.
The first of these elements, establishing evidence-based guidelines, 36, 37 did not end when the beta sites completed their initial protocol implementation. Instead, it is an ongoing focus of the system-wide Perinatal Safety Committee and involves practitioners from some of the 37 sites. As new science is unveiled, the committee considers the new knowledge and evaluates current guidelines to determine if an update is warranted. The committee also assesses how any such update would change practice and training.
Another central element of the spread and sustainability framework is leadership buy-in and support. 22, [36] [37] [38] Clinical and administrative leadership can change and other priorities can steal the spotlight, requiring persistent communication and discussion regarding the clinical and business cases that provide the impetus for the model. Ascension's system-wide clinical and administrative leadership, including risk managers, physicians, and nurses, work together to ensure that focus on the model does not dissipate and that sites continue to use their local leadership and model champions to support and integrate the model. Performance measures, 22, [36] [37] [38] developed for beta sites during implementation, are used continually at all sites and reported monthly for all teams at the 37 sites. Performance measurement and unblinded reporting help each site understand its performance relative to other sites and provide opportunities for reflection and problem solving, particularly if a site is not satisfied with its scores. System-wide reporting of the training scorecard (Table 3) also provides an important level of accountability, as does continual monitoring and system-wide reporting of performance measures.
Ongoing training is another central element in model sustainability and spread. [36] [37] [38] The 4 training programs (Table 1) developed and tested at the beta sites and then spread to the expansion sites continue to be accessible to all teams at the 37 sites. This training also assists obstetricians in meeting American Board of Obstetrics and Gynecology (ABOG) and American Osteopathic Board of Obstetrics and Gynecology (AOBOG) certification requirements. Keeping labor and delivery teams trained is necessary to preserve the integrity of the model. 36 Finally, commitment to transparent communication was another component of the sustainability and spread framework. 22, 36, 37 This communication approach encouraged open discussion of barriers and remedies at both the facility and system levels. Monthly meetings in which performance measures and scorecards are shared with everyone have 90% attendance rates by both beta and expansion sites. If a site does not attend, it receives an outreach call from a member of the Perinatal Safety Committee.
C O N C L U S I O N
Evidence-based methods that support successful spread and sustainability of health care delivery system quality improvement initiatives are not yet well understood. Although more research is necessary to clearly establish these evidence-based approaches, the successful spread and enduring sustainability of Ascension's multilevel integrated practice and coordinated communication model provides important insight. Quality improvement initiatives at other sites would benefit from considering the key elements that allowed Ascension to successfully sustain and spread the initiative and its benefits.
